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II. The Role of Nonuniform Recovery of Excitability in the
SUMMARY Periods of tachycardia were induced in Isolated segments (15 x 15 mm) of rabbit left atrium by local application of a properly timed prenature stimulu. We used a special deTice for multiple synchronous mkroelectrode recordings of responses of more than 100 fibers during the initiation of tachycardia. We clearly demonstrated circus movement of the impulse through a small area of atrial muscle as the underlying mechanism. The premature Impulse was conducted antegrade in only one direction, whereas in the other directions antegrade conduction failed. The local responses of the fibers in the blocked area set-red as a temporary obstacle for return of the premature impulse. When these fibers recovered their excitability before extinction of the premature impulse, they were reentered in a retrograde direction, and the impulse traveled in a circular route. During the propagation of a premature beat, local block, which set the stage for circus movement, was caused by nonuniform recovery of excitability of the atrium. We related the spread of activation of a premature impulse to the naturally occurring spatial dispersion in refractory periods and found that local conduction block invariably was associated with an area of delayed restoration of excitability. Artificial induction of differences in refractory periods by regional application of carbamylcholine made it dear that a disparity in refractory periods of only 11-16 msec between adjacent areas may be sufficient to cause local conduction block of a properly timed premature impulse.
IN A PREVIOUS PAPER 1 we reported the initial results
of our studies of the mechanisms for initiation of tachycardia induced in isolated segments of rabbit atrial muscle by the application of a single premature stimulus. By on circus movement tachycardia in the atrium as obtained from multiple microelectrode recordings. Furthermore, as the occurrence of unidirectional block is the first requisite for the onset of circus movement, we investigated the circumstances under which local block may occur. Several factors might be important for the occurrence of unidirectional block: (1) nonuniform arrangement of the atrial fibers, (2) differences in the membrane responsiveness of atrial fibers, and (3) spatial dispersion in recovery of excitability. Studies on electrical activity of single cardiac fibers have shown that local conduction delay or complete failure of propagation of premature impulses can occur at the junction of two areas in which the action potentials differ in duration. 1 ' 7 Such conduction disturbances are observed when excitation in one area precedes recovery of excitability in an adjacent area. Direct determinations of refractory periods have revealed that under physiological conditions fibers in the atrium and the ventricle may have considerable variability of refractory periods. To evaluate this possible explanation for unidirectional block, we measured refractory periods at numerous sites in the atrium around the point at which a properly timed premature stimulus evoked tachycardia. These measurements were correlated with the spread of excitation during the onset of tachycardia. In addition, differences in refractory periods were induced artificially and the minimum dispersion in recovery of excitability required for the occurrence of local block was established.
I Methods
We studied isolated segments (15 x 15 mm) of the rabbit left atrium. The preparations consisted of the roof of the atrial appendage and part of the adjacent left atrium. Most of the interatrial band and that part of the left atrium containing the entrances of the pulmonary veins were dissected and discarded. A number of experiments were performed in which differences in refractory periods were induced artificially. In these experiments isolated pectinate muscles, excised from the left atrial wall were used. The bundles were about 10 mm long and less than 1 mm in diameter. The preparation, perfusion fluid, and stimulation and recording techniques were the same as those described previously. 1 Because of the absence of any spontaneous activity, the preparations were driven at a regular rate (interval 500 msec) by applying constant voltage stimuli (duration, I msec, intensity, 2 times threshold) between a silver wire (diameter, 0.4 mm, insulated to the tip) placed on the tissue and an Ag-AgCI strip immersed in the perfusion fluid. To induce tachycardia, a test stimulus (duration 1 msec, intensity 4 times threshold) was introduced through the same electrodes after every 20th basic stimulus. In most of the preparations it was possible to identify one or more sites at which a properly timed premature stimulus repeatedly evoked a period of tachycardia. One or more surface electrodes were used as reference leads to ascertain whether the spread of activation during the onset of different episodes of tachycardia was the same.
MULTIPLE MICROELECTRODE RECORDINGS
To study the spread of activation of the premature beat and the subsequent beats in the tachycardia, multiple microelectrode recordings were made around the primary site of stimulation. Figure 1 shows the device we used to facilitate this procedure." Microclectrodes are placed in 10 separate holders which can be adjusted concentrically. The diameter of the circle formed by the points of the microelectrodes can be varied from 0.5 to 15 mm. Furthermore, the position of the electrodes can be changed radially over an angle of 36°. By attaching this device to a micromanipulator and placing a stimulating electrode in the center of the ring, it is possible to make simultaneous recordings that are equidistant from the site of stimulation. However, it must be emphasized that the advantage of this technique, that is, the ability to make multiple simultaneous intracellular recordings, is, to some extent, tempered by a loss of quality of the individual impalements. Therefore, the value of the method for measuring absolute values of many action potential characteristics is limited. For that reason we felt it unwarranted to try to measure absolute values of resting potential, takeoff potential, amplitude and rate of rise of phase zero of the action potential. On the other hand, for the study of changes in the response of individual fibers at the onset of tachycardia relative to the action potentials recorded during basic rhythm, the method is quite useful.
MEASUREMENTS OF SPATIAL DISPERSION IN REFRACTORY PERIOD
To determine whether nonuniform recovery of excitability played a role in the genesis of circus movement, we measured refractory periods at multiple sites in the atrial myocardium. The stimulation pattern described above was used. At each test point, premature stimuli (4 times threshold) were applied at progressively longer intervals. The shortest interval between the basic stimulus and the test stimulus that resulted in a propagated premature beat was taken as the time required by cells at that particular site for restoration of sufficient excitability to permit a response to a stimulus that was 4 times threshold. The values obtained in this way represent a standardized measurement of part of the relative refractory period. Reproducibility of measurements was checked frequently. Control measurements at the same site after 1 hour resulted in a variation of less than 5 msec.
ARTIFICIAL INTRODUCTION OF DIFFERENCES IN REFRACTORY PERIODS
To obtain information about the difference in recovery of excitability that is required to induce unidirectional block of a premature impulse, restoration of excitability was enhanced artificially in one part of the preparation. For these experiments isolated pectinate muscles were used because of their relative homogeneity of geometry and electrophysiological properties. The muscle bundles were put in a tissue bath, consisting of two compartments, separated by a thin rubber membrane. The muscle was pulled through a small perforation in this membrane. The two compartments were perfused by separate perfusion systems. Temperature and perfusion rate were kept constant and equal in both compartments at 37°C and 50 ml/min respectively. By adding carbamylcholinc to the perfusion fluid of one compartment, both the effective and the relative refractory periods were VOL. 39, No. 2, AUGUST 1976
FIGURE 1 Photograph of the device for intracellular recording in 10 cells. The microelectrodes are fixed in individual holders which are mounted on a ring. By turning the large while wheel the position of the microelectrodes can be adjusted concentrically. With the pinion shown at the right the microelectrodes can be moved radially over an angle of 36°. A stimulating electrode is positioned in the center of the microelectrodes.
shortened in the part of the muscle studied. A concentration of 0.1 /ig/ml usually was sufficient to enable the induction of early premature beats which failed to propagate into the part of the preparation in the other compartment. After unidirectional block occurred the carbamylcholine concentration was decreased gradually until all premature beats were conducted again. By comparing measurements of the refractory periods at both sides of the separating membrane, just before and after the disappearance of conduction block, the minimum dispersion in refractory periods required for the occurrence of unidirectional block could be determined.
Results

MULTIPLE MICROELECTRODE RECORDINGS DURING THE INITIATION OF TACHYCARDIA
In four of 22 experiments we obtained enough intracellular recordings to describe impulse propagation during the initiation of tachycardia. The results of a representative experiment are shown in figure 2. In this experiment runs of tachycardia were elicited repeatedly during a period of more than Yi hour by the application of a premature stimulus 65 msec after every 20th basic stimulus. Maps of the spread of activation during basic rhythm, the premature beat, and the first 2 beats of the tachycardia are shown at the top of the figure. The dramatic change from a more or less radial spread of activation during basic rhythm into a circus movement of the impulse during the premature beat and the subsequent tachycardia is the same as described earlier.' However, with the intracellular recordings now available, it is possible to trace the spread of activation more accurately. This is especially true in those areas where conduction has slowed down or is blocked completely. At the bottom of figure 2, the premature impulse was propagated in the direction of pairs A and B without any sign of decrement. However, in directions C-F conduction of the premature impulse occurred with decrement, resulting in local conduction block. The proximal fiber of pair C exhibited a small local response immediately after the premature stimulus. This consisted of a depolarization of small magnitude, slow-rising velocity, and short duration. 3 This response failed to excite the more distal fiber, which was not even influenced electrotonically. Somewhat later (34 and 43 msec after the premature stimulus) both fibers of pair C were activated by the wavefront coming from the area where conduction of the premature impulse was successful (A-B). Obviously, there was sufficient recovery of excitability of the proximal fiber in pair C to permit generation of an action potential. At sites E and F the fibers close to the stimulating electrode (upper trace) were activated by the premature stimulus with a delay of 13 and 20 msec respectively. However, compared with the action potentials recorded from these fibers during basic rhythm, the premature responses were of substantially smaller amplitude and rate of rise. stim.
mm FIGURE 2 Top: Maps of the spread of activation during regular (basic) driving of the preparation, the induction of a premature beat, and the first two cycles of a resulting period of tachycardia. The site of stimulation is indicated by a black dot. Activation times from more than 100 fibers were measured, and the parts of the preparation activated at about the same time (within msec) are indicated by different colors. During basic rhythm the moment of the basic stimulus was taken as zero, while in the other maps the activation times are related to the moment of the premature stimulus. Double bars indicate conduction block. Bottom: Pairs of transmembrane potentials (A-F) recorded around the site of stimulation are shown around the map of the premature beat. The upper trace of each pair is recorded from a fiber close to the stimulating electrode, while the lower traces represent fibers farther away from the point of stimulation. The exact position of the fibers is indicated on the map. All records start with the last action potential of the regularly driven rhythm (interval = 500 msec). Vertical dotted lines indicate the moments of the last basic stimulus and the test stimulus, respectively. The activation times in milliseconds, added to the recordings are
measured from the moment of the premature stimulus. VOL. 39, No. 2, AUGUST 1976 This strong decay of the "stimulating efficacy" of phase 0 of the action potential resulted in local conduction block of the premature impulse. This also is seen in the remarkable shortening of the duration of the premature responses in these fibers. 4 Accordingly, the more peripheral fibers of pairs E and F (lower traces) were not activated in a direct way. The action potentials generated by these fibers at 40 and 45 msec after the test stimulus were elicited by the wavefront turning counterclockwise. At this moment, however, reentry of the proximal fibers of E and F was not yet possible. The relatively large local responses exhibited by these fibers apparently prevented their reexcitation. The proximal fiber of pair E showed only a very small electrotonic hump shortly after the distal fiber was discharged. From area D, transmembrane potentials of three fibers at different distances from the stimulating electrode are shown. The most proximal fiber (top trace) was depolarized 6 msec after the premature stimulus, the action potential being of relatively high amplitude and rate of rise. However, a little more to the periphery (middle trace), the premature impulse already had lost much of its stimulating efficacy, while in the most distal fiber (bottom trace) only an clectrotonic hump was recorded. This latter fiber was activated with a delay of 66 msec by the activation wave coming from the opposite side of the preparation. Because of the long delay the impulse now could reenter the proximal fibers (74 and 76 msec after the test stimulus) despite the fact that they already had been excited. These records not only show the nature of unidirectional block in atrial muscle, they also demonstrate that the area where the impulse is blocked may serve as a temporary obstacle for the impulse to circumvent. The local responses associated with conduction block apparently prevent an early lateral invasion of the blocked area by the turning impulse.
The minimal length of the circular pathway described above is determined by at least two factors: the rate of recovery of excitability and, partly associated with it, the conduction velocity of the impulse. When the recovery of excitability proceeds rapidly or the conduction velocity of the impulse is slow, the minimal length of the circular pathway can be small. Therefore the possibility of circus movement in very small areas of atrial muscle, as demonstrated in these experiments, is enhanced by the observed slowing of the conduction velocity of the impulse during the premature beat and the succeeding tachycardia (compare the maps in Fig. 2 ). As can be seen in Figure 3 , this slowing of propagation may result at least in part from a decrease in efficacy of the action potential as a stimulus. Both amplitude and rate of rise decrease during the tachycardia. These changes in phase 0 of the action potential partly can be explained by Weidmann's observation" that the rate of rise and the overshoot of phase 0 depolarization in Purkinje fibers depend on the takeoff potential. Since during tachycardia the atrial fibers did not repolarize fully, the takeoff potential was lower, resulting in a decrease in the rate of rise and the amplitude of the action potentials ( Fig. 3 ).
NONUNIFORM RECOVERY OF EXCITABILITY AND UNIDIRECTIONAL BLOCK OF A PREMATURE IMPULSE
Many studies of canine and rabbit hearts have shown that atrial muscle fibers may differ considerably with respect to action potential configuration and duration. Some authors have distinguished two types of atrial fibers: atrial myocardial fibers and the so-called plateau fibers.* In Figure 4 the action potentials of six different atrial fibers in one preparation are superimposed. The distance between these particular fibers was less than 5 mm. The figure shows that in our preparations there was a wide variation in configuration and duration of the action potentials; however, two distinct types of muscle fibers could not be distinguished. This variation in shape and duration of the action potential suggests the presence of a considerable spatial dispersion in the rate of
FIGURE 3 Transmembrane potential (upper trace) and its first derivative (lower trace) during the initiation and the termination of a period of tachycardia. White arrows indicate the basic stimuli and the black arrow indicates the test stimulus. During the tachycardia, the takeoff potential, upstroke velocity, and amplitude of the action potential all decrease. During this episode of tachycardia the fiber showed some alternating responses. When basic rhythm was resumed, takeoff potential, dV/dt mMX , and amplitude all gradually returned to their original values. Calibration: horizontal bar, I second; upper vertical bar, 100 mV; lower vertical bar, 100 VIsec.
mv
FIGURE 4 Superimposed action potentials of six different atrial muscle fibers recorded within an area of 25 mm 1 during regular driving of the atrium (interval -500 msec). There are considerable differences in duration of the action potentials, none of them showing a distinct plateau phase during repolarization.
recovery of excitability. To study whether nonuniform recovery of excitability in atrial muscle was important for the initiation of circus movement, we measured refractory periods at numerous sites in the preparation. We found that in most preparations there was considerable dispersion in the recovery of excitability, the difference between the shortest and longest refractory periods amounting to about 30 msec. In preparations in which there was more or less uniform restoration of excitability, it was difficult or even impossible to find a stimulus site at which tachycardia could be induced. On the other hand, those premature stimuli that initiated tachycardia always were given on the border between two areas with distinctly different refractory periods. Furthermore, in relating the spread of the premature impulse which initiated circus movement, to the dispersion of refractory periods of the preparation, it was apparent that the premature impulse always propagated in the direction of the sites with shorter refractory periods, while it was blocked in the direction in which refractoriness was of greater duration ( Fig. 5 ).
Although these results strongly suggest that spatial dispersion in refractoriness played a crucial role in the occurrence of local block, definitive proof of a causal relationship needs the additional evidence that the observed degree of nonuniform recovery of excitability per se was sufficient to produce unidirectional block of a premature impulse. In other words, one should know the minimal difference in refractory period between adjacent areas of the atrium which is necessary to inhibit propagation of a premature impulse. In an attempt to provide such evidence, experiments were carried out on pectinate muscles isolated from the left atrium. In these bundles dispersion in refractory periods was introduced artificially by superfusion of one half of the muscle with carbamylcholine (see Methods). Under these circumstances it was possible to elicit early premature impulses in the segment of muscle superfused with carbamylcholine which were not propagated through the remainder of the muscle. An example of such artificially evoked unidirectional block is shown in Figure 6 . The refractory periods along the bundle are plotted in the schematic drawing of the preparation at the top of the figure. The induced difference in the refractory period between the two parts of the bundle was about 24 msec. The stimulating electrode was placed close to the separating membrane on the side of the bundle superfused with carbamylcholine. At both sides of the preparation surface electrograms were recorded with bipolar leads (A and B) . To record propagation and the occurrence of unidirectional block multiple microelectrode recordings were made in the normal part of the bundle. A premature stimulus applied 63 msec after the basic stimulus initiated an impulse which was conducted to the left side of the preparation, as can be concluded from the premature complex recorded at lead A. In contrast, lead B at the right side of the preparation did not record any premature activity. Between sites 1 and 2 the conduction of the premature impulse was delayed. This delay in activation was associated with an initial slight increase in the takeoff potential and amplitude of the premature response at site 2. However from this site on, in the direction of lead B, amplitude, rate of rise and duration of the premature response all decreased gradually until the Impulse died out somewhere between sites 4 and-5.
To determine the minimal dispersion in refractory periods sufficient for the occurrence of local block, the carbamylcholine concentration was lowered gradually until the unidirectional block disappeared. At each carbamylcholine concentration refractory periods were measured at both sides of the separating membrane. Also the period in the basic cycle at which unidirectional block of a premature impulse occurred was determined. Figure 7 shows the differences in refractory periods at three carbamylcholine concentrations together with the responses of the two parts of the bundle to stimuli of different prematurity. At a carbamylcholine concentration of 0.1 iig/ml unidirectional block occurred for premature impulses elicited between 52 and 72 msec after the basic stimulus. After the carbamylcholine concentration was decreased to 0.06 iig/m\ the difference in refractory periods diminished to 11 msec. This degree of dispersion in refractory periods still resulted in unidirectional block. However, the period in the basic cycle in which premature impulses were blocked now was narrowed to an interval of 10 msec, ranging from 63 to 73 msec after the basic stimulus. At a carbamylcholine concentration of 0.05 jig/ ml, the difference in refractory periods was only 8 msec. This was no longer sufficient to cause unidirectional block.
Thus, in this case, the minimal difference in refractory periods necessary for unidirectional block of a properly timed premature impulse can be estimated as between 8 and 11 msec. To exclude preexistant preferential conduction in one direction, in some experiments the procedure was repeated, adding the carbamylcholine to the other compartment. There was no indication of the presence of important asymmetry in conduction. The results of 14 experiments are summarized in Table 1 . On the average the minimal dispersion in the refractory period for the occurrence of local block was between 11 and 16 msec. Because this falls largely within the range of the naturally occurring differences in refractory periods, which in our preparations were up to 30 msec, it can be concluded that the nonuniform recovery of excitability which occurred spontaneously in the atrium was of decisive significance in the origin of unidirectional block and therefore in the onset of circus movement tachycardia.
Discussion
SIGNIFICANCE OF DISPERSION OF REFRACTORY PERIOD IN THE GENESIS OF TACHYCARDIA AND FIBRILLATION
Differences in refractory periods have been demonstrated among various parts of the heart, e.g., at the junction between the sinoatrial and atrioventricular nodes with the atrial myocardium, 6 at the Purkinje fiber-muscle junc-tion, 4 -5 -' and in the myocardium itself. During regular driving of the heart, Han and Moe 8 and Janse 9 found differences of up to 30 msec between the longest and shortest refractory periods in ventricular muscle. In the right atrium of the dog Alessi et al. 10 reported a variation of 40 msec, whereas Zipes et al." recently found that the largest difference in refractory periods between seven locations in the canine right and left atria varied between 25 and 110 msec (average, 60 msec). These authors 10 -" also found that this inhomogeneity was increased further by vagal stimulation. Ninomiya 14 argued that this was based on nonuniform distribution of vagal fibers in the atria. In the isolated left atrium of the rabbit we found differences in refractory periods of up to 30 msec. This degree of disparity in recovery of excitability thus is rather moderate compared to the results of other investigators.
The concept that nonuniformity of refractory periods may 2 3 4 5 6
Carbamyl. choline Oipg/ml 7576 77 normal "Tyrode" play a key role in the initiation of tachycardia and fibrillation was described as early as 1913," and since then the significance of dispersion of refractory periods in the genesis of tachyarrhythmias has been emphasized repeatedly.*" "• " ' • However, in only a few studies have attempts been made to link spatial disparity in recovery of excitability directly to reentrant activity. 4 1 0 1 1 Even less information is available on what differences in refractory periods between two adjacent areas are required as a minimum for the occurrence of local block. We associated the spread of a premature impulse, initiating circulating excitation, with the spatial dispersion of refractory periods. This revealed that local block of the premature impulse invariably was linked with the presence of an area of delayed restoration of excitability. Artificial introduction of differences in refractory periods in isolated pectinate muscles by local administration of carbamylcholine made it clear that a difference in refractory periods of only 11 -16 msec between neighboring areas in the atrium is sufficient to create local conduction block of an early premature beat. We therefore concluded that the physiological dispersion in refractory periods described in the atrium 10 " 11 seems to be adequate to create areas of block during the propagation of early premature impulses.
LOCAL CONDUCTION BLOCK AS THE CENTER OF CIRCUS MOVEMENT
The finding that relatively small differences in refractory periods may cause conduction block raises the following questions: Why does reentrant activity not occur more frequently in the normal heart, and why on many occasions did we fail to find a site at which a properly timed premature stimulus could evoke a period of tachycardia, despite the presence of apparently sufficient dispersion in refractory periods? To answer these questions one must bear in mind that for the creation of local reentrant pathways another additional condition is required: The site at which conduction of the premature impulse is blocked must be activated with such delay that excitability is restored in the fibers proximal to the block. Only then can reentry occur through these fibers. The relatively long delay that occurred before retrograde activation of the blocked area in our experiments may not be explained merely by slow conduction of the premature impulse. Cranefield and Hoffman" have found that conduction of an impulse can be inhibited in fibers which show small local responses. The small local responses part of the bundle (0.1,  0.06, and 0.05 iig/ml) 
FIGURE 6 Demonstration of local block of propagation of a premature impulse. At the top is a schematic drawing of the experimental preparation. In the right compartment, containing the normal perfusion solution, the refractory period of the atrial bundle was about 76 msec. Perfusion of the left compartment with carbamylcholine (O.I ag/ml) shortened the refractory period to 52 msec in that part of the muscle. Electrograms were recorded at both ends of the bundle surface (marked A and B). In the normal part of the muscle multiple microelectrode recordings were made on a straight line from the separating membrane to lead B. The recordings show that an early premature impulse elicited on the left side of the separating membrane gradually failed to conduct to the right segment of the bundle, resulting in complete block
FIGURE 7 Determination of the minimal dispersion in refractory periods necessary for the occurrence of local block. At the top, refractory periods at both sides of the separating membrane are given for three carbamylcholine (C Ch) concentrations in the left
. The difference in refractory periods, induced in this way, was 23 msec, II msec, and 8 msec, respectively. Beneath the schematic drawing of the preparation, are shown the responses of both sides of the bundle to stimuli of different prematurity, applied to the carbamylcholine-containing part of the muscle.
that occurred in our studies (e.g., the upper tracings of pairs E and F of Figure 2) were followed by some degree of refractoriness. This may explain why, despite the absence of an anatomical obstacle, the premature impulse was forced around the region of local block. Only after excitability was restored in the fibers in the blocked region were they activated retrogradely (site D in Fig. 2 ). An area of local block thus may not only lead to unidirectional conduction of a premature impulse, it also may serve as a temporary obstacle around which the impulse must travel. 
DIMENSIONS OF THE SITE OF LOCAL BLOCK AS THE DECISIVE ELEMENTS IN THE CREATION OF REENTRANT PATHWAYS
Whether the occurrence of local block will result in reentry depends on several circumstances, including the
± 3.99*
The degree of nonuniform recovery of excitability was controlled by varying the concentration of carbamykholine added to one part of the muscle. For each preparation the difference in refractory periods, which was not sufficient to cause local block, is shown together with the somewhat larger difference which did result in local conduction block. On the average the minimal difference in refractory periods necessary for the production of local block was between 11 and 16 msec.
• P < 0.001, by paired r-test.
conduction velocity of the impulse, the duration of the refractory period, and the length of the circular pathway. In the presence of a central anatomical barrier, the length of the circuit is given by the perimeter of the obstacle. However, when such a preformed circular pathway is not involved, the dimensions of the area of local block will largely define the length of the circuit. When the conduction velocity of the impulse is high or the refractory period is long, in most cases only an "island" of block will result. For the production of reentry under these circumstances a large area of block would be required to force the impulse in a relatively long, circuitous route. On the other hand, when conduction is depressed or the rate of recovery of excitability is enhanced, a small area of block may be sufficient to cause reentry. This implies that the dimensions of a site of local block will be of great importance for the question of whether or not reentry will occur. Hence, it seems that the opportunity for reentry is not determined solely by the degree of dispersion of refractory period-which under normal conditions may be sufficient-but especially by the extension of an area in which the refractory period is prolonged. We found that only when the site of delayed restoration of excitability was large enough, could reentry occur. On the other hand, when, despite the presence of great disparities in refractory period, there were only small patches of prolonged refractoriness, there was not much chance of reentry. It therefore seems questionable that the measurement of the differences between shortest and longest refractory periods is the decisive indicator of the risk of development of tachyarrhythmias. Also, the spatial distribution of these differences has to be taken into account. In this light, the suggestion of Han and Moe,' that interventions which facilitate the induction and perpetuation of tachycardia and fibrillation (such as vagal or sympathetic stimulation, ouabain or quinidine intoxication, hypothermia and myocardial ischemia) exert their arrhythmogenic action by an increase in temporal dispersion of the recovery of excitability, has to be extended. It is quite possible that the abovementioned interventions might favor reentrant activity, not only by increasing the dispersion of refractory periods, but also by changing conduction velocity and refractory periods in such a way that the minimal length of a circuit in which the impulses can circulate is reduced. Then, also relatively small areas of local block may start to serve as a functional obstacle for the premature impulse to circumvent, which apparently would increase the chance of reentrant activity.
